Day by day endoscopic ultrasonography (EUS) is becoming an essential diagnostic method for the assessment of solid lesions of the pancreas, cysts, pseudocysts and cystic tumours of the pancreas, enlarged mediastinal lymph nodes, staging of gastric cancer and rectal cancer, as well as lung or subepithelial tumours in the gastrointestinal tract. The ability to use this diagnostic method presents many challenges for performing specialists, from the organisation of the EUS surgery to maintaining its activity in a proper technical aspect, as well as the continuous improvement of staff qualifications. Endoscopic ultrasonography has revolutionised the practical aspects of gastroenterological practice and oncology. Particularly, EUS-guided fine-needle aspiration biopsy (EUS-FNA) of various pathologies in the gastrointestinal tract has provided invaluable effects and opportunities. This technique is becoming more and more available in Poland, creating a unique challenge to its practice.
Introduction
Although classic ultrasonography is still an invaluable diagnostic tool, a new version of this modality combined with endoscopy, known as endoscopic ultrasonography (EUS), provides even greater possibilities. The works on ultrasonographic ultrasound diagnostics began in the early 1950s. Now, after 60 years, it is one of the basic tools used for the imaging of many organs and cardiovascular system diagnostics. Ultrasonography is a complementary method in comparison with traditional imaging techniques such as X-rays, radioisotopes, computed tomography, or magnetic resonance. It also has some unique properties compared with the mentioned imaging methods. Its most important quality is the non-ionising nature of ultrasonic waves, and the low cost of the examination. According to current levels of knowledge and research there are no side effects of the intensity of ultrasonic waves used in ultrasonography. An important advantage of this ultrasonographic technic is the almost real-time of the received ultrasonograms. The resolutions of this tool, i.e. its ability to distinguish and detect small lesions in organs, is about half a millimetre. This means that ultrasonography matches the innovation level of the latest generation tomography and magnetic resonance imaging methods. Comparing with the older tools such as 16-slice computer tomography, which can detect tumours greater than 2 cm, the new EUS apparatus is much more effective. Of course, ultrasonography also has some drawbacks. The ultrasonic waves used in the ultrasonography that are common in classic ultrasonography. In this way an ultrasound wave of higher frequency can be used and a higher resolution image can be obtained. It should be remembered that the penetration depth of the ultrasonographic wave is inversely proportional to its frequency; in EUS only evaluation of organs and structures lying a few centimetres from the probe is possible. Biopsy needle or other instruments, introduced through the echoendoscope channel, are visible in the EUS image. This enables sample collection from the interior of the visible changes for microscopic examination as well as EUS-guided therapeutic and diagnostic procedures. Among the therapeutic procedures there it be mentioned that recently EUS has also started to be used for pseudocyst drainage, necrosis in acute pancreatitis, or to drain the common bile duct or pancreatic duct. Contrast enhanced imaging modalities, as well as use of ultrasonographic probes with elastography option, have an increasingly important role [1] .
Intramural tumours and submucosal lesions
The mucous membrane bulges encountered during endoscopy may be formed in each layer of the wall of the gastrointestinal tract (intramural) or outside the wall (external). They are usually detected incidentally during endoscopy. Differential diagnosis includes a number of benign and malignant non-epithelial tumours of the gastric wall, intramural vessels, and extrinsic compression from external structures. Endoscopic ultrasonography has introduced a breakthrough in characterising such changes. Endoscopic ultrasonography allows us to understand whether the change arises from the wall of the gastrointestinal tract (intramural) or from the external structure (external). The exterior changes may be adjacent normal structures (e.g. spleen, aorta, gallbladder) or pathological structures (e.g. splenic artery aneurysm, cysts, tumours). Distinction between external and intramural changes is not difficult, unless there is an invasion into the wall of the gastrointestinal tract. Endoscopic ultrasonography allows us to determine the origin layer of intramural lesions, which is very important in making diagnosis. For example, stromal tumours typically develop from the specific muscle layer or muscle mucosa, whereas lipomas typically develop from the submucosal layer. Echogenicity, vascularisation, margins, the size of the change, and the lack or presence of the adjacent lymph nodes also helps to narrow the differential diagnosis. Endoscopic ultrasonography -guided aspiration biopsy or Tru-cut biopsy are invaluable in many diagnostic cases. The basic features that need be specified are: layer of origin or external origin, size, echogenicity, and vascularisation. Echogenicity can be described as: -anechoic -the echogenicity of water or clear liquid (i.e. black, without the internal echo). Anechoic (USG) technique are almost completely reflected at the border of gas filled areas. However, continued progress in the latest machines' resolution and postprocessing allows assessment of structures such as intestines, lungs, or bones using this technique. Reflection of ultrasonic waves from different biological structures is the basis for tissue imaging in ultrasonographic methods. The reflection depends mainly on the elastic properties of the tissues. And this is the feature that differentiates ultrasonic methods from radiological ones -in the latter, the tissue density has a major impact on its distinctness. The echo phenomenon (wave reflection) is the basis for the visualisation of internal structures of the body. The echo occurs when the wave reflects from the boundaries of two centres that differ from each other in their acoustic impedance (pressure to sound speed ratio). The volume of the echo depends on how much of the wave energy is reflected and how much of the energy penetrates through the boundaries between different tissues and organs. When the wave reflects from the boundaries of centres that differ in acoustic impedance, partial wave reflection occurs, which indicates the presence of the tissue differing from the surrounding environment. The received echoes, amplified and processed, are displayed on the monitor. The image quality depends on the three parameters: spatial resolution, temporal resolution, and dynamic contrast. Endoscopic ultrasonography, echo-endoscopy (EUS) was created in the early 1980s. Initially, it was available only in a few centres, but in the 1990s it developed and was introduced in more units and took an important position in gastroenterology diagnostics. In accordance with current standards, echoendoscope prototypes were very unwieldy to use. Because production of the first echoendoscope was before the classic video-endoscope era, the first devices were created on the basis of optical fibre units and in the straight-ahead optics position. By today's standards, the ultrasound component of EUS was extremely primitive. Currently, endoscopic ultrasonography enables precise visualisation of the gastrointestinal wall and the surrounding organs and structures, primarily the pancreas and bile ducts, and also more and more other organs and structures due to the continuous improvement of its imaging quality. It is an essential part of diagnostic algorithms of many neoplastic and non-neoplastic gastrointestinal tract diseases. Unfortunately, in Poland, as well as in other countries, it is not yet commonly available. This is due to the learning curve, which is flat and amounts to about 7 years.
The examination is performed using an ultrasonographic probe, which is an integral part of a special endoscope; fine ultrasonographic probes are used much less frequently. The probe is placed in close proximity to the examined structures, which allows avoidance of some of the problems and limitations lesions are usually associated with acoustic amplification, which is a brighter echo, placed behind the fluid-filled structure. The typical examples are cysts, vessels, and gallbladder. -hypoechoic -echogenicity, which is equal to or lower than in the second (lamina propria) and in the fourth layer of the wall (the muscularis propria).
The typical examples are myomas, gastrointestinal stromal tumours (GIST), or mucin-filled cysts. -hyperechoic -echogenicity that is equal to or higher than in the first (surface mucosa), in the third (submucosal), and in the fifth layer (serous membrane).
The most common example is lipoma. -isoechoic -echogenicity that is equal or nearly equal to the involved lesion layer [2] . As a rule, the ability of EUS to distinguish submucosal lesions is variable. As a result, histology still is considered the ''gold standard". A prospective study assessing the accuracy of EUS in the characteristics of 100 patients with submucosal lesions showed that the results of the EUS enabled correct prediction of the lesion type only in 48% of cases confirmed by biopsy [3] . Most errors occurred in hypoechoic lesions in the third and fourth layer, which include: carcinoid, GIST, and pancreas lesions. Another study compared the results of endoscopic resection or biopsy after unroofing for 54 submucosal lesions with EUS results [4] . The total accuracy of EUS in determining the origin layers and location of lesions was 80%; six lesions in the gastrointestinal wall were located deeper than was estimated by EUS, and five of them were more superficial. The results obtained in EUS and pathologic examination were consistent in 74% of cases [4] . In another study, 22 patients underwent EUS before gastric subepithelial lesion endoscopic resection. Endoscopic ultrasonography alone correctly diagnosed 10 (46%) lesions. Incorrectly diagnosed lesions were: pancreatic lesions (n = 5) and gastritis cystica profunda (n = 2) [5] . Normal anatomical structures and extramural benign or malignant tumours may compress the gastrointestinal wall and imitate intramural tumours. Accidental lesions are increasingly detected in patients by increasingly used computed tomography (CT) or magnetic resonance imaging (MRI) scan. Endoscopic ultrasonography can help in further characteristics of such cases. In EUS, the normal five-layer structure of the gastrointestinal wall is seen. Unique echo-features differ depending on the type of identified lesion. As an example, the spleen vessels on Doppler examination are anechoic structure with flow. The spleen may appear as having homogenous hypoechoicity. Pancreas pseudocysts originate from the pancreatic region, and are commonly hypoechoic or anechoic. Endoscopic ultrasonography has introduced a breakthrough in subepithelial change characteristics. It complements other diagnostic methods (and treatment) of these lesions.
The sonographic appearance of some of the other methods is very suggestive for diagnosis, while in other cases EUS provides additional information for the obtained by other methods.
Endoscopic ultrasonography in intraductal gallstones
Good results of EUS in detecting intraductal gallstones of diameter less than 1 cm, occurring in nonextended bile ducts, deserve special attention. In such cases, classic USG and computed tomography are evidently less effective diagnostic tools. The evaluation of the number of stones and their location in bile ducts, as well as the diameter of bile ducts, made in EUS are very precise. Evaluation of the diameter of the stones is the only aspect that is sometimes poorly estimated by EUS; this is caused by the existence of acoustic shadows. The hypothesis, based upon the previous work and use of the statistical method of logistic regression, is that the endosonographic finding of choledocholithiasis is the most reliable single predictor confirming its presence. It is much more reliable than clinical, biochemical, and morphological (e.g. the stones' diameter in USG) criteria. It is worth mentioning that the problem in intraductal gallstones diagnosis is not only the size of the plaque but also its density. In cases of density close to the density of bile the diagnosis can be difficult. Currently designed diagnostic schemas for patients with suspected choledocholithiasis should always take EUS into account. Gradual progress in Polish medicine, represented by a slow but steady increase of endosonographic examination availability, gives reason for hope that such schemas will become widely available in the near future. Based on EUS, choledocholithiasis diagnosis should indicate endoscopic retrograde cholangiopancreatography (ERCP) and endoscopic sphincterotomy, whereas the absence of choledocholithiasis in EUS confirms with high accuracy its non-occurrence. In such cases we can avoid performing ERCP, which is associated with the risk of serious complications.
In the publication ''Endoscopy", Polish researchers from the Gastroenterology Department, Center of Postgraduate Medical Education (CMKP), published the results of a randomised trial that assessed the effectiveness of treatment and complications risk in patients with suspected choledocholithiasis, treated with ERCP, in comparison with patients in whom the decision of endoscopic treatment was conditional on the results of EUS [6] .
According to the recommendations of the British Society of Gastroenterology from 2008 [7] , patients with suspected cholelithiasis should be diagnosed using non-invasive EUS. Although ERCP has a high sensitivity (90%) and specificity (98%) 27-67% of the examinations performed because of suspected cholelithiasis give negative results. Similar recommenda-tions were also formulated by other authors. Baron and Irani believe that the most effective method to prevent acute pancreatitis after ERCP is avoiding diagnostic retrograde cholangiopancreatography [8] .
The best alternative followed by no complications is endoscopic ultrasound of bile duct, performed using a 7.5 and 12 MHz head. The results of extensive meta-analysis (with 2673 patients) [9] show that sensitivity and specificity of EUS is 94% and 95%, respectively. Considering the resolution of modern endosonographs (0.1 mm), the authors also believe that this method is a new gold standard for diagnosis of the biliary ducts. The data collected in the metaanalysis do not allow us to determine if the sensitivity and specificity of endo-ultrasonography depends on the size of the stones. However, according to another two authors [10] , the sensitivity and specificity of endo-ultrasonography does not depend on the size of stones, in contrast to MRCP and ERCP, the sensitivity and specificity of which decrease non-linearly with the dimensions of the stones in the ducts.
The increasing use of EUS in the diagnostics of intraductal gallstones has led to discussions on the optimal diagnostic-therapeutic scheme. In the times when ERCP was a basic diagnostic procedure, in case of confirmation of the stones presence the diagnostic examination was converted into therapeutic procedure by performing an incision of the Vater papilla and removal of the stones. Endoscopic ultrasonography is just a diagnostic procedure. Most authors [11] believe that the optimal diagnostic and therapeutic strategy in patients with choledocholithiasis -after endosonographic confirmation of the stones' presence -is simultaneous surgical ERCP with removal of the stones. A systematic review of publications carried out by Petrov and Savides [12] involved 191 published prospective studies on the diagnosis and treatment of intraductal gallstones in a group of 2500 patients. It showed that the optimal diagnostic-therapeutic scheme in suspected choledocholithiasis is endoscopic ultrasound combined with therapeutic ERCP, in the case of confirmation of choledocholithiasis. This scheme allows avoidance of unnecessary ERCP in 67.1% patients, thereby significantly reducing the rate of complications.
Focal pancreatic changes
Endoscopic ultrasonography plays an increasingly important role in differential diagnosis of inflammatory tumours (focal autoimmune pancreatitis, tumours formed in chronic pancreatitis) and malignancies (adenocarcinoma, metastasis) of the pancreas. The mentioned pancreas focal lesions are often difficult to interpret just on the basis of the CT scan result. The high resolution of the pancreas image obtained by EUS makes it the most accurate diagnostic and staging method in inflammation, cysts, and cancer diseases of this organ. The greatest difficulty is differentiation between cancer and focal inflammation in B-mode sequence, particularly in advanced chronic pancreatitis, where the sensitivity of the method is about 75%. Using the endoscopic ultrasound/fine needle aspiration (EUS-FNA) technique to diagnose solid pancreas tumours increases this index to 92% and its specificity from 79% to 92% [13] . The sensitivity of EUS-FNA is lower when the tumour is surrounded by inflammatory changed parenchyma in chronic pancreatitis, compared to research conducted on pancreas without inflammation. The disadvantage of EUS-FNA is the difficulty in conducting an examination in cases of vessel interposition, duodenal stenosis, or substantial tumour hardness, which decrease its specificity. Another failing of EUS is the dependence of its results on the operator.
The EUS elastography is another method that is very helpful in diagnosis of abnormalities localised in pancreas parenchyma, and it is based on the assessment of the rate of deformation resulting from distinct changes in tissue elasticity during inflammation, fibrosis, or tumour proliferation. The sensitivity of EUS elastography in differentiating focal lesions is 92% (100% for malignant tumours) and specificity is 80% and 92%, respectively [14] .
Endoscopic ultrasonography is also helpful in diagnosis of another pathology -autoimmune pancreatitis. The image obtained by CT, showing the focal or dispersed organ enlargement without Wirsung's duct broadening, lack of calcifications or pseudocysts and enlarged gland ("sausage-shaped") with hypoechoic, patchy, heterogenous-looking parenchyma suggest autoimmune inflammation. The basic function of EUS usage in this case is EUS-FNA [15] .
In recent years EUS has become a very useful method for pancreatitis detection, helping to define its aetiology (choledocholithiasis considering microcalculosis, chronic pancreatitis, tumours), while other imaging techniques are not sufficient and are not good predictive methods in terms of prognosis considering the severity and consequences of acute pancreatitis. In the analysis by Bhutani et al., patients who had ''coarse" echotexture of the pancreatitis required shorter hospitalisation (on average 2.6 days) compared to those in whom it was ''fine" or ''normal" [16] . In the assessment of acute biliary pancreatitis, EUS has sensitivity of 91-100% and specificity of 85-100% in stones detecting. It is believed that in case of acute pancreatitis with indirect probability of common bile duct stones, EUS is a safe method, which helps to avoid unnecessary diagnostic ERCP [17] . Abdominal ultrasound has significant limitations concerning presentation of the distal common bile duct, but EUS provides high quality of its imaging from Vater's papilla to liver hilus, causing significantly fewer complications than ERCP. Endoscopic ultrasonography has a high sensitivity in detection of microstones or biliary sediment in patients with ''idiopathic" pancreatitis, who had negative traditional transabdominal ultrasound result. Tumours resulting in infiltration or compression on the bile ducts can also cause recurrent pancreatitis. Endoscopic ultrasonography successfully detects tumour masses having a diameter of < 2.0 cm, duodenal bulb oedema, neoplastic infiltration, and polyps in the area. In addition, EUS is also applicable in chronic pancreatitis. Imaged interstitial and ductal changes correlate with the histological pancreas fibrosis degree. Interstitial changes include hyperechoic foci, bands, lobes, cysts, and calcification. The main abnormalities typical for chronic pancreatitis, observed in EUS are: dilation of the main pancreatic duct, irregularity and hyperechogenicity of its margins, and manifestation of its lateral branches. One of the most important issues in chronic pancreatitis is early diagnosis, which enables implementation of appropriate treatment. The most accurate diagnostic test is histological evaluation of the collected material, but its collection is connected with an invasive procedure carrying the risk of complications. Endoscopic ultrasonography is an alternative method, giving results which correlate with the parenchyma fibrosis degree obtained in histopathological examination. Two studies took into account nine criteria (four ductal and five interstitial) specific to chronic pancreatitis, confirming the diagnosis cut-off point of four or more characters [18, 19] . Endoscopic ultrasonography can confirm the chronic inflammatory process of the pancreas at an early stage, when CT is not yet visible parenchyma atrophy, or calcification. Unfortunately, the increased sensitivity may entail specificity lowering, which occurs during imaging of predictive changes by EUS in chronic pancreatitis with no clinical signs. The most common false positive results were reported in obese male patients chronically abusing alcohol and smoking cigarettes [19] .
In summary, in the current algorithm, CT is still the gold standard in the diagnosis of chronic pancreatitis although its non-diagnostic result suggests using EUS as a method particularly useful in visualising less advanced changes. The EUS-FNA is an auxiliary method in diagnosis of focal lesions in the pancreas. It is a digital image analysis (DIA), which reduces the role of the endoscopist in EUS image interpretation, thus unifying the obtained results. Digital image analysis analysis takes into account an algorithmic quantitative analysis including the colour, arrangement, and pattern of individual pixels [20] . The EUS elastography described above assesses tissue hardness by measuring its response to compression. The deformation can be assessed quantitatively and colourimetrically and can be overlaid on the sequence B-mode image. Another modification is contrast strengthening of EUS by intravenous contrast applications, for example Sonovue, which improves differentiation between benign and malignant lesions, increasing the sensitivity from 73% to 91% and specificity from 83% to 93% [21] . Pancreatic cancer is one of the cancers with the worst prognosis. Difficulty in early detection of small changes means that the average 5-year survival is only 5.5% [22] . Endoscopic ultrasonography is a diagnostic method that has a higher sensitivity than CT and MRI. Endoscopic ultrasonography and MRI are considered to be the best methods for early diagnosis of focal lesions in the pancreas, with emphasis on the increasing advantage of EUS, which has a high sensitivity and specificity as well as allowing biopsy.
Gastric cancer
Endoscopic ultrasonography is considered to be the most appropriate method in determining the advancement of locoregional gastric cancer. Endoscopic ultrasonography gives the possibility of retrieving a sample for histopathological examination from suspicious intramural and submucosal lesions (EUS-FNA). Consequently, it has become an extremely helpful method in making therapeutic decisions. In addition to the accurate determination of tumour infiltration in the stomach wall, EUS can present the involvement of regional lymph nodes, mediastinum lymph nodes, distant metastases primarily in the lobe of the left liver or adrenal glands. The sensitivity of the method is higher in defining metastases in more advanced changes in lymph nodes classified as pN2 and pN3 (13 correctly classified from 16), compared to pN1 changes (17/23, respectively) and lesions located in the gastric fundus and cardia (24/25) than in the gastric body (25/34 correctly classified by the EUS). Ambiguities in visualising positive lymph nodes from more distant compartments are more noticeable during EUS. D1 and D2 regions are clearly visible, but analysis of the D3 area is difficult. Attempts to include a smaller diameter of change suspected to be a metastasis in lymph node into the classification did not improve the results [24] .
Endoscopic ultrasonography is a very accurate method allowing differentiation between locally limited and advanced forms of the disease. Polkowski et al. correctly diagnosed 40 of 43 cases of locally advanced gastric cancer in one study. That result demonstrated 93% sensitivity of the method. As mentioned above, greater probability of a correct result was observed in the tumours of gastric fundus and cardia (27/28 correctly classified) than in those located in the gastric body (28/34, respectively) [24] .
Excessively high classification of assessed lesions is more common than underestimation of tumour stage during EUS. The revaluation of depth infiltration in the gastric wall by smaller pT1-pT2 tumours is especially noticeable. This might be due to incorrect interpreta-tion of secondary inflammatory, fibrous, and necrotic changes of surrounding tumour tissue by the operator.
Endoscopic ultrasound-fine needle aspiration
Endoscopic ultrasonography has evolved from a method of diagnostic imaging to a tool that can also be used for invasive diagnostic and therapeutic procedures. These advances are mainly due to the use of linear scanning instruments that can place the instrument in an ultrasound plane of view that allows different interventions. The ability to guide a biopsy needle to changes that are too small to identify by CT or MRI, or are too difficult to access using percutaneous biopsy, provides an important role for EUS in many clinical situations. Indications for the use of fine-needle aspiration biopsy under the control of EUS (EUS-FNA) are mucosal and submucosal changes in which previous conventional endoscopic biopsies were nondiagnostic. This procedure is most commonly used for the sampling of structures such as lymph nodes, changes in the pancreas, liver, adrenal glands, and bile ducts. It is also used to collect peritoneal and pleural cavity fluid. There are various EUS tools. Most of them are similar to standard endoscopic instruments in that they have biopsy channels and the ability to record and optic capabilities. They differ from conventional endoscopes in that they have a sophisticated ultrasound transmission and reception capacity at the tip of the instrument.
Linear endoscopes are perfect tools to perform biopsy under the control of EUS (EUS-FNA) because such a system allows for the visualisation of the needle in real time as it is inserted into the periluminal space. This instrument has an electronic ultrasonic system that scans into the long axis of the endoscope in one line of imaging and biopsy channels. As a result, the needle is moved through the biopsy channel to the target tissue in the ultrasound plane and is thus visible on the ultrasound image in real time during the biopsy. Several needles are available to perform EUS-FNA (Cook Endoskopia Inc., Winston-Salem, NC; GIP Mediglobe, Tempe, AZ, Olympus Inc., Center Valley, PA, Boston Scientific, Natick, MA). Each uses a set of catheter mechanisms attached to a handle fastened to the anchor of the echoendoscope. The thickness of the needle ranges from 19 to 25 IU with a penetration depth of 10 cm. There is no evidence that a needle with a larger diameter provides greater diagnostic accuracy. All needles have a central bevelled tube so as to fit to the tip of the needle, which increases the clarity of the device. Needle gauge of 19 is quite rigid, and it can be difficult to handle in the duodenum with a sharply curved instrument. Some needles were developed to perform so-called 'core' biopsies: EchoTip ProCore, Cook Endoscopy [25] . Two other manufacturers have created needles with side openings. The idea of the designer was that tissue would ''enter" the side openings of the needle by suction and then be cleaved when the needle is moved back and forth. The needle should be carried to the target tissue under direct guidance with EUS. Prior to insertion of the needle, one should get a view of the Doppler flow to safely get around blood vessels. Sometimes, fast ''stabs" are needed to get through the muscularis propria and/or enter the change. After the needle is located in the target change, the probe is removed and negative pressure by a 10 ml syringe is applied. The negative pressure must be released before removing the needle. This should be done by releasing the plunger and not making it return to the neutral position. Reduced negative pressure (1 to 2 ml) may result in fewer blood aspirates, particularly for vascular tumours (e.g. neuroendocrine one) or lymph nodes. One study suggests that at the time of lymph node's biopsy cellularity was increased with suction, but it did not increase the probability of a correct diagnosis [26] . The location of aspirations in the lymph nodes does not affect the accuracy of the results. Additional data indicate that negative pressure arising from the withdrawal of the probe may be sufficient to take samples and provide better diagnostic cellular elements [27] . Aspirated material should be prepared by ''smearing" it on a glass slide that has been previously labelled with the patient's identification mark. One glass slide should be dried by air for interpretation on site, and a second one should be fixed with spray, e.g. Cytofix. In patients where differential diagnosis lymphoma is suspected, material should be obtained in addition to the preservative solution, which allows further flow cytometry to be performed. Another sample should be collected in the so-called 'cell block'. Then, in order to remove remnants of the material, purging the needle with air should be performed, which provides the next diagnostic samples. It would be ideal if a pathologist or cytopathologist was present during the procedure. Such a person could indicate when a representative sample of the cell has been obtained. The role of fine-needle aspiration biopsy under the guidance of EUS is invaluable in diagnosing and differentiating many lesions. These include solid lesions in the pancreas in correlation with pancreatic neuroendocrine tumours. Endoscopic ultrasound-fine needle aspiration is an excellent diagnostic tool for cysts and pseudocysts in the pancreas, as well as peripancreatic ones. It allows the analysis of tissue fluids as well as detailed image information. Up to 10% of pancreatic cysts are neoplasms, many of which are initially wrongly diagnosed as pseudocysts. Some cystic pancreatic tumours are malignant (cystadenocarcinoma) or have the potential to become malignant (e.g. mucinous pancreatic cancer, intraductal papillary mucinous), while others have a low potential of malignancy or are benign (e.g. serous cystadenocarcinoma). The distinction between these subtypes can sometimes be made on morpho-logical criteria only, but no endosonographic features have been proven to be consistently reliable in distinguishing between benign and malignant lesions. Sampling of tissue or fluid from a cyst may be useful in patients in whom a diagnosis is uncertain. Having proved helpful in the determination of tumour antigens [28] , fluid viscosity, mucin-producing cells [29] , or analysis of genetic mutations associated with cancer [30] are very helpful. High concentrations of amylase suggests pseudocysts or retention cysts although there are case reports of elevated amylase levels in patients with cystic neoplasms [30] . Metastatic tumours of the pancreas can also be visualised and subjected to biopsy. Numerous studies confirm that endosonography is useful to evaluate peri-intestinal and mediastinal lymph nodes, and may be even more accurate than CT scan [29] . The experience of using EUS-FNA in changes located in the mucosa and submucosa are limited to small groups of patients [1, 7, 9] . One of the largest EUS-FNA series was carried out on 103 changes from the wall of the gastrointestinal tract (with the exception of stromal tumours) [28] . The sensitivity depends on the type of change: 89% for nonHodgkin's lymphoma of the stomach compared to 40% for adenocarcinoma of the stomach. Endoscopic ultrasound-fine needle aspiration of changes in the intestinal wall was correct in 24 (67%) of 36 cases, in which classical endoscopic biopsies previously failed. The combined use of cytological and immunohistochemical analysis may allow for the diagnosis of some GIST. In a study of 65 patients undergoing EUS-FNA because of submucosal changes of the upper gastrointestinal tract within 4 years, EUS-FNA in conjunction with the cytological and immunohistochemical analysis of received material was diagnostic in 45 (68%) of 66 changes, indicated suspicion in 8 (12%), and was nondiagnostic in 13 (20%) [31] . The sensitivity of EUS-FNA in the diagnosis of GIST was 82% with specificity of 100% among the 28 lesions with the final pathological diagnosis. Additionally, biopsy of solid changes in the liver can be made with the EUS via the stomach [28] . Endoscopic ultrasound-fine needle aspiration of adrenal mass has been described in patients where other biopsy methods failed. Endoscopic ultrasoundfine needle aspiration can diagnose lesions of proximal bile structures after the negative ERCP and brush cytology. It is very important that FNA has a "short road" of needle puncture, which results in reduction of the risk of implanting the cancer cells into other organs. It is a great advantage compared with percutaneous puncture.
Endoscopic ultrasound complications
The most common side effects are associated with the necessity of carrying out EUS during sedation. The prevalence of SaO 2 reduction < 80% is at the level of 0.4% [32] . The use of deep sedation with propofol is as safe as the application of midazolam and pethidine [33] . On the other hand, the most common complication resulting directly from the study is perforation. The interruption of the continuity of the digestive tract is most often around the hypopharynx, hiatal hernia, duodenum, or rectovaginal-sigmoid connection, when unexpected anatomical changes like diverticula of the oesophagus or duodenum, or neoplastic infiltration are encountered. Perforation of the oesophagus, which represents 68% of all perforations, is estimated at 0.03% of all performed procedures. The greatest risk occurs in the cervical oesophagus, in older patients with a history of difficult intubation, large osteophytes, or when EUS is conducted by an inexperienced endoscopist (performing EUS < 12 months or < 300 studies) [34] . Most of these patients (77%) passed before EUS widening of the oesophagus, usually in the course of neoplastic infiltration. Prospective analysis shows comparable frequency (0.009-0.03%) of oesophageal perforation after EUS in observations of 3 and 7 years, respectively, depending on the medical centre in which the examination was performed [35] . Duodenal perforation is the second most common location of breaking the wall of the gastrointestinal tract during EUS. Most often it is associated with the occurrence of diverticulitis, stenosis, or pancreatic head tumour. Only German data describes its higher frequency than perforation of the oesophagus (0.022 vs. 0.009) [36] . In contrast to the perforation of the oesophagus, where the most non-invasive strategy should be applied, the treatment of duodenal perforation required 99% surgical intervention. Extending the diagnosis of EUS-FNA in pancreatic cancer increases the incidence of duodenal perforation to 0.86%. Other locations of perforation, usually the stomach and rectum, are even rarer and are almost always associated with narrowing infiltration of the lumen by the tumour [36] . A release of cancer cells in the blood after transrectal diagnostic ultrasound (TRUS) performed to rectal cancer staging has not been well examined yet. An increasing number of circulating tumour cells was found in 24% of the TRUS, although a comparative study revealed similar spreading in 38% of patients before the test [37] . Use of EUS-FNA is associated with approximately 10-times higher (0.98%) risk of complications compared to non-invasive EUS. The most common are pain (34%), pancreatitis (34%), infections (16%), bleeding (13%), and rarely perforation or leakage of bile (3%) [38] . The risk of bleeding after EUS-FNA, which is usually self-limiting, is about 4.4%. The total risk of pancreatitis after EUS-FNA of solid tumours of the pancreas is 0.29%, infection after cysts' aspiration is 14%, but the use of prophylactic antibiotics reduced it to 0.3%. The risk of bacteraemia appears to be very low, even in the case of biopsy of rectal and perirectal solid tumours [32] . However, antibiotic prophylaxis is recommended prior to FNA of cystic changes. The frequency of complications after biopsy of pancreatic cysts appear to be similar to those observed after the biopsy of solid tumours. In a group of 603 patients, complications were found in 13 of them (2%) [39] . Celiac plexus neurolysis during EUS can cause temporary symptoms lasting less than 48 h: abdominal pain (9%), diarrhoea (17%), and a decrease in diastolic blood pressure for approximately 30 min (20%) [40] .
